1. Conditions experienced in early life stages can be an important determinant of individual life histories. In fish, environmental conditions are known to affect early survival and growth, but recent studies have also emphasized maternal effects mediated by size or age. However, the relative sensitivity of * yngvild.vindenes@ibv.uio.no 1 the mean fitness (population growth rate λ) to different early life impacts remain largely unexplored.
the mother prior to spawning, when the eggs are developed (Kamler, 1992; Green, 39 2008). 40 Traditional fishery management assumes that females of different sizes con-41 tribute equally to recruitment relative to their biomass, so that the population's 42 size structure can be ignored and population growth predicted by the spawning 43 stock biomass alone. However, if large females contribute relatively more than small 44 ones, failing to account for the population's size structure could lead to biased es-45 timates of recruitment and population growth (Hixon et al., 2014) . Some studies as the total egg number produced), but fitness and population growth also depend 51 on other parts of the life history besides reproduction, in particular survival and 52 growth. Depending on the life history of the species, the mean fitness will be more 53 sensitive to certain vital rates and certain life history stages than others (Roff, 54 1996; Caswell, 2001) . 55 Evaluating the fitness consequences of early life conditions with lasting effects 56 on the life history requires a model framework that can account for individual het-
CONSTRUCTING THE IPM 137
The model is female-based, assuming a pre-breeding census so that offspring are 138 counted at age 1 (see Table 1 for an overview of the main variables and vital rates). 139 The state variables are current female length x (cm), female offspring length at age 140 1 y (cm), current temperature T ( • C), and previous temperature T * ( • C). Offspring 141 length reflects initial growth differences and is therefore a useful state variable for 142 describing lasting effects of early growth through the life history (Vindenes and 143 Langangen, 2015) . For each female in the population, the state variable offspring 144 length y refers to the length of that female at age 1, a measure that remains 145 constant over the lifetime. The vital rates of fecundity (egg number) and egg weight 146 may depend on temperature of the previous year, T * , when eggs are developed in 147 the female, whereas other vital rates may depend on the current temperature, i.e. 148 during the spawning year (see Appendix A for a detailed description of timing 149 of events in the life history). When temperature is assumed to be constant, as in 150 the elasticity analyses of this study, the current and previous temperature are the 151 same.
152
The four main vital rate functions in the IPM are (notation here includes state 153 variables found to be significant in the results) i) survival probability s(x, y, T ), ii) 154 the distribution of next year's length g(x ′ ; x, y, T ), a truncated lognormal distri-155 bution with mean µ G (x, y, T ) and variance σ 2 ponents together, and assuming that half of the fertilized eggs develop to females, 185 the offspring number produced by a female is given by
We (on the order of 10 −4 ; Kipling and Frost, 1970; Wright, 1990; Craig and Kipling, 194 1983 ). Most of these annual estimates of offspring survival were within the interval 195 0.0001-0.0007 (50 of 53 years; Appendix A). A least squares regression analysis 196 of the annual survival predictions suggested a positive impact of temperature on 197 offspring survival (Appendix A).
198

SCENARIOS FOR OFFSPRING SURVIVAL
Offspring survival over the first year is influenced by a number of factors (Kamler, 200 1992) . In this study we focused especially on temperature and egg weight, and 201 constructed four scenarios for the combined effects of these two variables ( Fig. 1 ).
202
The first year survival also includes the survival of eggs from spawning to hatching. 203 We chose strong effects of egg weight and temperature when included, that would 204 lead to large variation in the survival of offspring in high vs. low temperatures, and 205 from large vs. small eggs (larger than the predicted annual variation in offspring 206 survival, see Appendix A). If the average fitness were found to be insensitive even 207 to such strong effects, this would support the conclusion that their influence is 208 truly weak. However, if the analysis revealed that fitness is potentially sensitive to 209 the temperature effect and/or the egg weight effect on offspring survival, further 210 studies would be needed to evaluate the actual impact of these effects. For all 211 scenarios the mean offspring survival probability was set to 0.00028, as indicated by 212 the predicted values described above. Offspring survival probability was modeled 213 on a logit scale, and parameter values for each scenario are shown in Table 2 .
214
For Scenario 1 ("Interaction") we assumed a negative interaction between egg 215 weight and temperature, where offspring from large eggs have an advantage in 216 colder temperatures but a disadvantage in warmer temperatures. There are a num-217 ber of potential mechanisms that could lead to such an interaction (Kamler, 1992) .
218
For instance, large eggs may be at a disadvantage in lower-oxygen warm conditions 219 due to their lower surface-to-volume ratio. In cold conditions the longer develop- The vital rate functions defining the IPM were estimated from data using mixed 230 effects models (Pinheiro et al., 2013) , except for the offspring survival probability 231 (scenarios described above), and the probability of maturity which was assumed 232 to follow a logit function where parameters (Table 2) were chosen to fit the results 233 reported by Frost and Kipling (1967) . All analyses were done with the software but for the IPM analyses these effects were averaged out (values given in Table   247 3). If competing models had a ∆AIC < 2 the model with fewest parameters was 248 selected. Because maternal identity is unknown in the data, we could not include but the impacts of some vital rates then increased (in particular, offspring length).
255
For the survival probability model included in the IPM we also added a neg- . Therefore, we included a negative effect also in the 262 model used here, but note that this assumption is not critical for the results of the 263 elasticity analysis (except for the elasticity to this effect itself, other elasticities 264 remained largely the same if the value of this effect was changed).
265
Because of gillnet sensitivity pike were not captured until they had reached 266 a length of ∼55 cm. The model for somatic growth was estimated from data on 267 back-calculated lengths and is therefore conditional on survival until capture. Since 268 survival is also length-dependent, the estimated growth rate will be biased upward, 269 especially at small lengths. We estimated the size of the bias and it was not very 270 large (Appendix B). Therefore, we did not correct for it here as it is unlikely to are shown in Appendix C3). Overall, the elasticity and sensitivity patterns were 289 similar, except when the focal variable was x itself. In that case, the elasticity con-290 tributions from larger x were relatively higher than the corresponding sensitivity 291 contributions, although the rankings most vital rate contributions remained the 292 same (Appendix C3).
293
The calculations were done numerically by adding a small perturbation (of size 294 1 · 10 −5 ) to first evaluate each of the vital rate sensitivities (Appendix C). We 295 15 checked that this perturbation was small enough that a further reduction did not 296 affect results to the order that they are reported. For each underlying variable 297 we first calculated the sensitivity (and its decomposition), and then found the 298 corresponding elasticity by multiplying the sensitivity with the focal variable and 299 dividing by λ (Appendix C2).
300
The elasticities reported here were calculated for a mean temperature of T = Average egg weight increased with female length, but the relationship leveled off 309 and may even decline for the largest lengths (Table 3 , Fig. 2A ). There was no 310 significant effect of female offspring length on egg weight (Appendix B). Previous 311 temperature had an overall negative effect, which increased with female length.
312
There was also a positive effect of body condition, as expected from earlier studies 313 (Edeline et al., 2007) .
314
Fecundity (egg number) was also positively affected by female length, as ex-315 pected ( Table 3 , Fig. 2B ). There was no significant effect of temperature or female together with those of year and capture month (values given in Table 3 ).
319
Offspring length at age 1 increased with temperature (Table 3, by σ 2 G = 11.24e −0.0081x .
330
In line with earlier models, the survival probability was very low for small 331 individuals and then increased rapidly with length until ∼50 cm ( Fig. 2F length and offspring length) influences each of the vital rates is provided in Fig. 3 .
335
For the survival, growth and offspring length functions used in the IPM the year 336 effect was averaged out (values in Table 3 ).
337
TOTAL ELASTICITY OF λ ACROSS CURRENT LENGTH
338
For lengths corresponding to age class 2 and older, the contribution to the elasticity 339 of λ with respect to the projection kernel generally increased with length x. The 340 peaks in the elasticity contribution over x correspond to different age classes, and 341 become less distinctive with length as individuals grow at different rates over their 342 lifetime. Compared to the stable length distribution of x (also shown in Fig. 4) , the 343 peaks are shifted towards larger lengths, as within each age class larger individuals 344 contribute more to population growth than smaller ones.
345
The elasticity contribution from offspring (the first peak) is large because they 346 constitute a large proportion of the stable population (Fig. 4) . From age 2 and 347 older the elasticity increases with length until around 80 cm, after which it declines 348 towards zero for the largest lengths where the individuals constitute only a small 349 fraction of the stable population (Fig. 4) . We can make a rough comparison of the The elasticities of λ with respect to the underlying variables of female length x, 358 female offspring length y, and temperature T (= T * ) were decomposed into con-359 tributions from each vital rate across length x, for each of the four scenarios for 360 offspring survival (Fig. 5 ). For the elasticity of λ to temperature, the contributions 361 from survival, growth, and offspring length were similar between the four scenarios 362 (Fig. 5A, D, G, J) . For growth the largest contributions were from small females, 363 whereas for offspring length the contributions generally increased with the mater-364 nal length x. For Scenario 1 (Fig. 5A ) the largest contribution to this elasticity 365 was from offspring survival, while the smallest was from egg weight. Note that the contribution from offspring survival reflects only the direct temperature effect, as 367 determined by the scenario for offspring survival, and not the indirect effect of tem-368 perature through egg weight. The latter is shown as a separate contribution. For
369
Scenario 2 the largest contribution was from egg weight (Fig. 5D ). For Scenario 3 370 the largest contribution to this elasticity came from offspring survival (Fig. 5G) .
371
Considering the elasticity of λ to female length x, the largest contributions 372 were from survival, followed by growth and then fecundity, and these patterns 373 were similar in all four scenarios (Fig. 5B, E, H, K) . The survival contributions 374 were larger from small individuals. The growth contributions were large both for 375 small and large pike, while the fecundity contributions increased with length as 376 expected. In all four scenarios the smallest contribution to this elasticity came 377 from the probability of maturity. In Scenario 1 the elasticity contribution from 378 egg weight was only slightly larger (Fig. 5B) , while in Scenario 2 assuming a 379 strong effect of egg weight on offspring survival it was somewhat larger (Fig. 5E ).
380
However, this contribution was still much lower than those from survival, growth, 381 and fecundity.
382
Finally, considering the elasticity of λ with respect to offspring length y, the 383 contributions from survival and growth looked similar in all four scenarios (Fig. 5C,   384 F, I, L). The survival contribution was negative due to our assumption of a negative 385 effect of offspring length on survival, whereas the growth contribution was positive.
386
The largest contributions to this elasticity were from small lengths. Table 1 : Overview of state variables and vital rates in the IPM, and model outputs calculated from the projection kernel (assuming constant temperature T = T * ).
State variables
x Current female length (cm). (Fig. 1) , and underlying effect of current length on probability of maturity ( Fig. 2C) , both components in offspring number at age 1. 
